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SUMMARY PAGE

THE PROBLEM

To measure thresholds for perception of angular acceleration as indicated by
the oculogyral illusion in 300 normal subjects and in 4 sub jects with bilateral laby-
rinthine dofucts.

FINDINGS

A ..etotorlzed chair with precise servo controls provided clockwise or counter-
clockwise rotation of the sub jeit about his vertical axis at rates that varied in accor-
dance with one of 24 extended trapezpidal shaped profiles. Each prof -ile consisted of
four phaswi: 20 sec of constant positive accoloration, 25 sac at constant (terminal)
velocity, 20 soc of constant negative accoleration, and 25 sec at zero velocity.
Accelerationj ratiged in logarithmic progression from 0.02 to 60000/sec 2 . The
threshold respofise to clockwise aQ~ counterclockwise acceleration was determined ýy
a double-stai rcase method and was defined as the lowest of the 24 accelerations (it
which the subject could perceive the ocujogyral illy~slon in three out of four or four out
of six triadls ( > 67 per cent). This illusion was perceived as an apparent rightward or
leftward move-Ment of the visua! target In the direction of acceleration. The target was a
narrow collimated line of light confained within a goggle device and ,thereforo fixed
in relation to the subledt,

The method provided a brief and reliable ( P =JO7) means of measuring the
thresholds. The great majority oF fhe sub jects revooald no substantial directional pre-
pondeirance (CW vs CCW threshold). Threshold frequbncy distributions for the twb
directions of rotation were simtillar and ranged in rate (deg/sec 2) from 0.020 to O.ý'5O
with means of 0. 146 (CW) and 0. 152 (CCW). The threshold of response (deg/sec ) in
more than half the normal subjects was less than 0. 10, in over three-fo~urths was less
than 0.~20, in over 90 per cenit _-s less thian 0.30, and in 100 per cent was less than
1.00. Noneo of I-he labyrin thine-'defec five subjects tpercelved fhe illusion at thie highest

aicce~lerat ion (6.00 0/sec:1) en;ployed.



INTRODUCTION

The'oculogyral Illusion may be porceived by a pevsý.)n passively exposad to
angular acceleration as apparent motioni (in the direction of turn) of visual objects that
are fixed relative to him (.The illusion has its genesis In the semicircular canals and
a knowle 'dge of cupuloendolymph mechanisms, the role of adaptation effects and the
influence of secondary etiologicail factors are all essential for predicting its behavior
under different stimulus conditions (1.,2, 6~,9) :',"SudI~qs have ishovw'n thai its perception
under ideal test conditions yields lower tlir6shold values than other canal response
indcator4: the manifestation, of nystagmus, and the sensation and aftersensaflon of
,rotation (.1t,3, 5,7, 16). Indeed the thresholds of the Illusion are so low that thea,'
measurement is, 1mited by the precision of the rotating device,. A highly sopilisticaf'od
sarvo-control ed device, thi Rotating Litter Chair (RLC), was developed expressly
for determining with this indicator any changes in cupular thresholds of response that
might Occur during the prolonged weightless Skylab missions (.14). The purpoue of this
report is to evaluate thle RLC' and a relatively short method for'determining th6
thresholds of' perception of the illusion In a large sample of nornmal subjects and in
f~our deaf persons with severe bilatotral labyrinthine def I cts.- I.

PR OCEDURE

SUBJECTS

Three hundred normal healIthy men, ranging in age from 17 to 49 years, served
as test subjects; miost'(261) of these subjects -mere less than) 26 years of age, This group
was comprised of 203 pilots or pilot trainees, 44, enlisted person~nel, rind 53 civilians.
IC-ach-had demonstrated normal otollth and somicircul ' r canal fumotion, as indicated,
respectively, by ocular ýounterrolllng (11, 12) and caloric response (10). In aqddtion,
four deaf individuals with severe bilateral labyrinthilne defects, as defined in table I,
served in determining non-labyrinthine Influences upon the porc~eptlon of totattion.

APPARATUS

The rotating litter chair (RLC) (Figure 1) is a relatively lightweight (~145 16)
motor-'driven rotational chair dovice that Is described elsewhere In detail (14). A
servo-controlled d-c brush-type motor is programmed to rotate automatically a seated
subject at anty one of 24 velocity versus constant time (90 sec) porofilos (Figure 2) with-in
extremely narrow limits of precision (Table 11). The 24 extended trapezoidal shaped
profiles yielded in progressive Ia garithmic steps a range of constart qccelei'ations from
0.020/50c (sstep 1) to 3.000/sec'ý (step 23); two log units of acceleration sepacated
steps 23 und 24. Tho mian-supporting superstructure and mot-or of the RLC are directly
coupled to eliminate gear slack and perceptible vibration and therefore meet the
physiological reqtuirement of eliminating small performance errors that are normally
within the sensitivity range of the delicate vestibular organs.
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CONTROL CONSOLE " t

ROTATING• STOWAGE. ',CABINET

.ABITEBOARD
", HOLDER

Figure 1

Diagram of the Rotating Litter Chair and Ancillary Equipment,
Including the Control Console and Stowage Cabinet for the

Vestibular Test Goggle and Biteboards
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Table .11

Rotating Litter-Chair (Oculogyral Illusion Test M6de) Performance,,Values

Log Step 'Angula Acceleration Proci'slo •Peak Velo'Ity
""..o,,secS (/ec) -(rpm)

0..020 . 0.0007 " 0.067
2 . . .. 024 0.0004 0.080
3 0.030 '0.0004' 0.100
4. 0.030 b0,0004 0,127
5 0.048 J0.0008 0.160
6 0.060 -l0.0004 0.200
7 0,076 1-,0.0004 0.253 1 .

8 0.096 '0,0005 0,320
9 0.120 10.0004 0.400
10 .0,15 0.0004 0.5001

11 ,,, 0.190 60.0005 0.633
12 0.238 0.0005 0.793
13 0.300, . 0.0007 1.000
14 0.380 -d0.0012 1,267
15, '0.475. 1: 0,0005 1.583
16 0.600 +0.0008 2,000
17 0,760 0.0018 2.533'i8 0.950 0.0018 3.167
19 1 .200' 10.0024 4.000
20 1.500 -10.0018 5,000
21 1.900 + 0,0036&; 6,333
22 2.400 1-0.0030 8,000
23 3.000 +0.0028 10,000
24. 6.000 10.0084 20.000
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- Vestibular Test -Goggi

The vebstibular t 65t goggle (VT-G)l described I n. detail elsewhere-(13), is a~sei-f-
contained device worn over the subiec.'s eyes (Figure 3). 'The collimated line-of-light
target,' the .only thing visible to, the subjecl, is self-Illuminated by a radioactive
source (tritium gas, 1.00 millicursi'es. AEC license Number 09-06979-03) contained in
-the goggle. Two knurled. knobs permit the target to be rotated 3600 about its ce~iter
and moved verticall1y, from a straight-ahead position, ;L. 20' about the cent-or of rota-
Mion of the viewing right eye;. the left eye is occluded. by being covered with a portion-
of the qoqqlie,, The device -i. held on the face by Its -attachment to a bit~board
assembly whith., lr turn, Is secured by an adjustable support connected to the -RLC
(Figure 4)... 'Thp.di1tance between the ocular and occilusal planes is adjusted so that
the s 'ubject's visuol. ax 'is in Its primary position is essentially in the 1111orizontal" plano
containing the op'tic axis. of ,the target system. The target was found to be completely
visibl-e to ull subjects havintg a widelrango of intorpupillary~distances 'o, no means Of
latarcil adjuttment w~as incorporateO in the goggle",

METIHOD

The subject's fitness for testing was determined by a questionnalre (Appenidix
A). The oculogyral Illusion was demonstratod at the time of the biteboard fitting by
hciving the sub~ject observe the apparent movement of the test-goggle target during
gentle side-o-~side. head movements.

The subject was then secured In a seated position within the RLC, and his'
bi'tboard and the VTG were dffixed to the suppokt michanism of the chd'ir. He en-
gaged the bteboard with his teoth and donned -the VTG by M Ilting his head forward
200. Tho target viewed. by his right eyo was adp~std so that It appeared vnti~cal and
straight ahead, The purpose of the fixed head tilltwas to p~lace the "plane" of the
latbral canals closer to the plane of rotation.

A sound source for"'slgnalll'ng the normal subject was situated directly over his
head, which elimninatod it as a cue to the chailr'~rotatlona l direction; the labyrinthine-
defective subject was signalled by lightly tappino the top of his head. The rotdtional
chair was located in a test cubicle, which permittod this area to be darkened and
thereby removed any~possible influence of any small openings between the goggle's
paddinig and the face., During testing, auditory directional cues Wore effectively
removed by havings the normal subject wear earphones. All subjects used hand-held,
color-coded lights to signal, when requested,' the direction of apparent movement of
the tcqrget,. After .ine of the 24 acceleration rato s was selected on the basis of the
predetermined test schedule and subject performance, the program start switch of the
RLC was pressed. After 2 seconds of constant positive acceleration, the subject was
signalled to open his eyes; after 5 seconds' accumulative time, he was signalled again
to judge whether the target appeareý to move rightward or leftward, or to remain
stationary. If thle subject did not respond after 15 seconds' accumulative time, a
third signal was given. If no response was received wVýOn 20 seconds'. accumulative

6
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time, the end of the vonstant accelerawion period and the beginning of the 25-second.
constant velocity phase, it was assumed and recorded that no movement was perc'eived.
The subject was instructed to close his eyes immedlatel" after each respcnse.

' The'down ramp of the profile required the subject, as ir positive acceleration',
to open his eyes at 2 seconds and to respond betw.cn the 5th and 20th second after
deceleration had begun. After reaching zero rpm, the RLC remained stationary for at
least 25 seconds. In soma cases the next profile was not initiated for up to several
minutes wheh: 1) the total test time exceeded 30 minutes, 2) when the subject requested
additional h'est time, or 3) for operational reasons, e.g., wiping the goggle lens to
remove a moisture film that occasionally was found to accumulate. The direction of
rotatlon among the profiles was varied at random according to a predetermined schedule.

Our early experimrented probes had indicated that, a brief period of feedbackl'1
training at an acceleration leve'i well above response threshold was necessary to
establish that the subject understood the task and could readily observe the illusor-y
movemne; Trhe subject was also fully apprised that appareht movement- of the target
in this situation did not, also require Its apparent displacement, particularly at or near
his response threshold level. Ouring training conducted at acceleration step 12, or
higher If necessary, the se4bjiedt was Informed of his results and coached until he could
consistently identify the directlo6 of the oculogyral illusion. During the actual test,
the subject was not provided this feedback,

Mechanically, the stimulus to the cupuloendolymph system and therefore Its
res•,onse with clockwise (CW) accelevation are equivalent to those for counterclocl•Ise
(CCW) deceleration, as in the reverse sense are the pair of complementary directions
of acceleration and deceleration,.,. For convenience, each stimulus pair is henceforth
Identified only by Its a~sqclated direction of acceleration.

A response threshold for each of the two dlroctionc of acceleration wa5 defined
as the lowest acceleration at which the subject could correctly identify the oxpected
direction of apparent movement in three out of fours or rour out of six trials. Whet, a
difference in perception of the illusion for the two directions of acceleration was
manifested at any step, the threshold for the direction of better performance was pur-
sued fimst. If, for example, at least one response associated with the first test profile
(usuaily stop 12) was correict, teslin, proceeded to step 6. For those subjects mo-ting
or exceeding the threshold criterion at step 6, further tdsting followed a double-stair-
case method (4) that was limited to the range of accelerations between; if the criterion
was not met at step 6, the test ranged fl-om step6 to the initial test stop. If both res-
ponses at the initial test step were Incorrect, the two staircases proceeded between
usually step 15 and the initial acceleration step until a response threshold for CW as
well as CCW acceleration was established. The test was.completed In more than half
the subjects within •JO minutes, and in most, within 4O minutes, although occasionally
about 1 hour was required. In no case was the subject tested longer than 30 minutes
without one or more rest periods prior to completion of the test; each rest period of about

9



5 minute's tas Instituted with the subject remaining in the RLC but with his head re-
moved'from the goggle crd Litoboard support.I

The oculogyral 'illusion threshold of each normal subject Wv'fs, n'1~asured by this
pitoedure on two difforent occasions, separated by at least,24 hours, in order' to deter-
mino test-reiest raliobillty.

RESULTS AND DISCUSSION

The .large number of trials and long test periods oft-on covering mnany days or
wooks that 'are typical In moasuromarts of a response threshold were avoided In this
study without apparent -unduje compromise in sensitivity or reliabllltv, by using 24 loga-
rIthmic step levels of accoalrativa drIimui. On a linear basis this schedule introduces
ever-increasing ;iic,*r~omnts of acceleration am-Aig fhQ progrOSSive test .00p$ With the
rosult, desir.-ible from a practiral point of view-, that differentiability amongq individuals
-decreases as an Indirect function of threshold level-.

Directional preponderakice, i.e, a difference In thi'eshold for CW1, arid CCW
acceleration, was not manifested In 35 per cent, was les's than 0. 10/sOC2 In 84 per cocit,
and less than 0.20/sec2 in 94 Per cent of the normal eubjec s; the remaining subjects
rovealed a preponderance that ranged from 0. 2 to 0. 70/sZc .' Furthermore, P nmod,.-atel y

oorrelation ( P =.72) was found to exist between data obtabind with CW anid CCW
,,ccoleration. A substantial directional (CW vs CCW) preponderance in tho 001
threslhold responso would therefore niot be the expected result In a normal Individual,
'A follow-up InvdstidatIo .n of the, smallI number of subjocts who demonstrated relativoly
largo directional prapondorancos wu& not' conducted, but a study of unillaterally
I abyr? nthectom ized i ndi viduals gacve some evidence that an acut,ý unilateral vestibular
disturbance may couse a proponderance (15)

The individual thresholds f)-r CW and CCW acceleration were avercaged Ito
obtain a single measure of: test-retesi reliability which proved also h~y be modoi'atoy
high ( P =.70) . This level of relilability anid the brief test poriod r~quired make the
meathod feasible cio a clinical-type tost of semicircular canal function. The large samplo
of normative data~ offers a tubstantiol basis for comparing tho 001 thresholds of responso
of individuals with possible vestlbVIOV~ disfunclon.

Frequoncy distributions of the oculogyral illusion threshold values among all the-
normal subjects for CW anid CCW acceleration are prosented In Figlure 5. The d1A~t';
butions were similar for the t'wo directions of angular acceleration and ranged it) termis
of rate (degrees per second per second) from 0.020 to 0.950, with means. of 0. 146 (CW)
and 0. 152 (CCW), a median of 0,096 (CW, CCW), and modes of 0,096 (CW) anid
0.076 (CCVV). These sarte distributions oxpressed in t'erms of cumulative frequency are
given in Figure 6. ihe distributions on a linec Y. scale ai-6 skewed right: More than half
the indivi ýUai thresholds fell below 0. 100/sec ; 9ver three-fourths were less than2
0,200/sec ; over- 90 per cent less than 0.300/sOc; and 100 per cent less than I 00/sec.
Those findings compare well with those of Clark and ~tewd't (2) who found t-hat the OGI
thresholds of their 32 subjects ranged from 0.040/sec (close to thle lower l imit of their-
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d il'/ 0.2 /wSdevic�9 QpP to 0.2B°/sec2, and ccnfirFd their conclUsion that normal healthy adult men
have yeitcircular canals that are highly sensitive h.accelerative stimulation.

All labyrinthine-defective subjects failed repeatedly to perceive the oculoo-
gyral,' lusion at the hilghest accealratlon step (6.OO/sec ) offered by the RLC t.6t
devkp, giving further evidence that the basic underlying mechanism for this Illusion
islth# cupuloendolymphi system.

I:-'
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APPENDIX A

Subject' s Pro -exporliment ation 0 ucsflonnatro



Name/Numbor Date Time

Last First Madle Initial 7

Have you !wen well throughout the past week? .. .
YES NO '_,,

Are you free ýf oall major health compikcaions? (oeg., hýart disoaso, diabetes, back
trouble, etc,)

YES NO..
Are you In your uvual state of fitness today?

YES NO

If no to one or, more of the abovw• quostions, speeify problem anti'tnolode severity, time
course, where ýocallzed, etc,

Hlow much alcohol have you consumed dIurlng the past 24 hoirs? (No. and kinds, of.
drinks) .

How tnuch tobcicco In,'past ? hourm?
Cigarette(s) Clgar(s) PIlpe(s) full

Have you taken drOgs or medcino of any kind In past 24 hours?
VES NO

If yes, were they? If name of drug(s) is known,
Analgesic (aspirin) please list below:
Sedafliye or tranquilizer
Antimrotion sickness remedy (anti-h1stamino)
Oth01r, Inluding eye and ear drop .edi.a..ons

How many hours sleep did you get last night? Was this sufficient?
YES NO

How anxious are you regarding your parcipatior in t,'hese Iest•?
NOT MINIMAL MODERATE GREAT VERY GREAT

How many hours since your lost meal?

Flow many cups of fluid have you had in the past 2 hours?

Have you served as a subject In any rotational t6st within the past 48 hours?,
YES NO\"

If yes, endpoint reached.

A-]


